The flow in a hydrostatic pocket is numerically simulated using a dimensionless formulation of the 2-D Navier-Stokes equations written in primitive variables, for a body fitted coordinates system, and applied through a collocated grid. In essence, we continue the work of Braun et al. 1993a, 1993b] and extend it to the study of the effects of the pocket geometric format on the flow pattern and pressure distribution. The model includes the coupling between the pocket flow and a finite length feedline flow, on one hand, and the pocket and its adjacent lands on the other hand. In this context we shall present, on a comparative basis, the flow and the pressure patterns at the runner surface for square, ramped-Rayleigh step, and arc of circle pockets. Geometrically all pockets have the same footprint, same lands length, and same capillary feedline. The numerical simulation uses the Reynolds number based on the lid(runner) velocity and the inlet jet strength F as the dynamic similarity parameters. The study aims at establishing criteria for the optimization of the pocket geometry in the larger context of the performance of a hydrostatic bearing.
he problem of the flow structure in a closed, lid driven cavity has been treated extensively in the last two decades. As a part of the class of separated flows, the closed cavity problem had principally a fundamental theoretical importance. Brandeis and Rom [1980] solved the open driven cavity flow field where the driving factor is a shear layer similar to that presented by O'Brien [1982] . The global flow field which contained shear and recirculating flows is solved iteratively by matching the boundary conditions between the two flows. Kumar and Yuan [1989] solved the problem of the penetration of a vertical downward jet in a rectangular fully enclosed cavity. The authors found that the strength of the jet and the cavity :aspect ratio (depth to width) played a major role in shaping the flow recirculation structure. Most importantly it was concluded that as the cavity becomes deeper a constant intensity jet looses its ability to penetrate deeply, and thus greatly affects the nature of the recirculation pattern, and interaction with the shear layer.
In the recent years there has been a sustained activity towards extending this work to the geometry and purposes of the hydrostatic pocket. Most of the recent work concentrated towards the implicit treatment of the pocket performance in the numerical environment of the total solution of the Reynolds equation for the entire journal hydrostatic bearing. A rather complete review of this literature is presented by Braun et al. [1993a] in his study of the steady state flow structure and pressure patterns in a hydrostatic cavity of variable cross section.
Numerous authors have analyzed the overall thermofluid and dynamic performance of the hydrostatic bearing. Thus, Artiles et al. [1982] , Castelli and Shapiro [1967] , Redecliffe and Vohr [1969] , Belousov [1976] , Braun and Wheeler [1987] , San Andres [1990] , Goryunov and Belousov [1969] , Davies and Leonard [1970] , have presented analytical and numerical analyses of the pressures and/or dynamic coefficients development in multi-pocketed hydrostatic journal bearing(HJB). A second group of researchers performed overall experi-226 M.J. BRAUN AND M. DZODZO mental studies concerning the flow characteristics, frictional characteristics, pressures, and dynamics of hydrostatic bearings. In this context one can mention Shinkle and Hornung [1965] , Leonard and Davies [1971] , Ho and Chen [1979 , 1980 , 1984 , Aoyama et al. [1982] , Chaomleffel and Nicholas [1986] , Scharrer et al. [199 a, b] , Spica et al. [1986] . A third group of investigators presented comparisons between their analytical/ numerical models and their own experiments for the thermofluid and dynamic behavior of the HJB [Heller, 1974 , Betts and Roberts, 1969 , Bou-Said and Chaomleffel 1988 , Hunt and Ahmed, 1968 . Finally, a fourth group of researchers have concentrated on the mechanics particular to the flow in cavities related to step bearings, spiral seal grooves and HJB. Ettles [1968] gave an insightful analysis of the flow in a bearing groove without hydrostatic effects, while Heckelman and Ettles [1987] studied the viscous and inertial pressure effects at the inlet of a bearing cavity film. Pan [1974] , Constantinescu and Galetuse [1976] , Tichy and Bourgin [1985] also looked at pressure entrance effects at the inlet of a bearing film. Zuk and Renkel [1971] analyzed the spiral groove pumping seal using the lid driven cavity model, but did not consider the leakage rates at the top of the cavity since the top of the cavity was closed. Recent work of Braun [1990] and Braun and Batur [1991] contained flow visualization experiments detailing fundamentals of the flow and the pressure patterns both in the pocket of a simulated HJB, and on the contiguous lands. Using fluid tracers the authors evidenced the hydrostatic jet penetration, the formation of the secondary eddies both upstream and downstream of the main jet, and the fluid turn around zone(TAZ) in the upstream portion of the pocket land. This TAZ becomes particularly dominant as the velocity of the shaft increases. In the limit, it was found, no jet borne fluid exits at the upstream end of the pocket, and only a thin layer of fluid attached to the rotating shaft is carried through the control surface of the cavity. Finally, San Andres and Velthuis [1991] , and Braun et al. [1993a] developed steady state codes for the simulation of the laminar flow in the pockets of an HJB. Both authors confirmed that the pressure in the recess is not uniform, and inertia induced pressure drops occur at the pocket edges when the fluid flows outward. Braun [1993a, b] has also showed that for pockets with aspect ratios between 0.2 < pocket depth/ pocket length < 1, an increase in the shaft angular velocity causes the pressure in the upstream portion of the pocket to decrease, followed by a process of recovery in the central region, and a sharp increase in the downstream(exit) region of the pocket. These phenomena are apparently due to a combination of backstep and Rayleigh step type flows.
SCOPE OF WORK
The work reviewed above deals with the flow in open cavities driven by shear layers, in a cavity with a penetrating jet or with the overall experimental and analytical behavior of hydrostatic bearings. The work presented in this paper specifically extends the work of San Andres and Velthuis [1991] and Braun et al. [1993a,b] , to hydrostatic pockets of variable non-cartesian geometry. The jet feedline, the pocket and the adjacent lands are modeled in a synthesis configuration that has direct pertinence to the overall hydrostatic journal bearing performance. The clearance was kept constant in size, and its magnitude was similar to the ones found in a functional hydrostatic bearing. The jet penetration, the interaction of the shear layer with the cavity flow, the presence of the lands and their geometry, all affect the flow patterns, as well as the magnitude, profile, and the trends of the pressures and velocities in the pocket. o)
FORMULATION OF THE MATHEMATICAL MODEL Geometry
The advantage of this formulation resides in its natural ease to interface with the irregular geometry of the pockets of Figs. 1B and 1C. For the rectangular pocket the computational domain was split into three domains (Fig. 1A) , while for the irregular geometry (circular and triangular) pockets in two domains (Fig. 1B and 1C [Peric,1985] The SIMPLE procedure [Patankar and Spalding, 1972, and Patankar, 1980] was used for solving the resulting set of equations.
Figures 1A, 1B and 1C present in details A1, B1, C1 parts of the discrete grid superimposed on the cavity. For the rectangular pocket (Fig. 1A) 
where Y2 0 and S -< Y1 -< S+ whereYz=510,0--<Y-<M+L+M
During the parametric study, the horizontal velocity of the runner U, is set to coincide with Re 1, 2, 4, and 8.
The rest of the boundary conditions set the magnitudes of the velocities to U1 0 and U 2 0 along the walls. For the various computational domains (see Fig. 1 ) the values calculated at the boundaries of the contiguous domains were used as boundary conditions. This procedure is similar to the 'slab by slab' method of calculation used by Pratap and Spalding [1976] for staggered grids.
For the work presented here the procedure has been adapted to collocated cells in the same manner as described by Dzodzo 1991 ] .
THE NUMERICAL PROCEDURE
A finite volume method based on the finite difference method was applied for the numerical implementation of Flow in the Square Pocket Figure 2 presents in a matrix format the effects of the said parameters on the steady state flow patterns. The effect of the increase in Re can be followed row-wise, while ,the jet strength increases along the columns of the figure.
The velocity profiles at the inlet (Y1 0), and exit (Y1 1000) of the pockets lands are shown in the DETAIL figures that accompany every pocket case. In Figure 2A1 the jet has its lowest strength and it appears that the flow is dominated by the shear layer effects (and the magnitude of the Re number For the same geometry, but with a rightward motion of the runner, Fig. 5 , some interesting differences appear in the flow patterns, when compared against Fig. 4 (Fig. 5A1) 
CONCLUSIONS
This paper presents a study of the effects of pocket shape (not depth) on the flow patterns and the pressure magnitudes in a hydrostatic pocket. The flow is modeled by taking into consideration both the geometry of a portion varied from F 1 10-4, to 2 10-4, and 4 10-4, of the feedline and the lands adjacent to the pocket. 
